Carbon dioxide capture and storage technology is considered to be the most effective technology to reduce greenhouse gas emissions in the future. The absorption with amine solutions is most likely to be widely applied in fossil fuel power plants at present. The biggest problem this method faces now is great energy consumption of the capture process.
The energy consumption for CO2 capture can be divided to three parts, CO2 desorption energy, H2O vaporization energy and solvent heating energy. In total energy, CO2 desorption energy occupies more than 60%, even up to 70%, for these solvent.
The amine concentration is not the bigger the better. There is a best value, which can be calculated from circling loading for CO2 in the solvent. For MEA, AMP, AMP+PZ, 1-MPZ, 1-MPA+PZ, best concentration values are 40wt%, 40wt%, 30wt%+10wt%, 40wt%, 30wt%+10wt%. The lean loading at the least energy consumption is far small than the equilibrium lean loading at the absorption temperature and the CO2 partial pressure in the purified gas. So the method for estimation of circling loading is that the loading at 313K and CO2 partial pressure is set as the rich loading and that at 393K and CO2 partial pressure is set as the lean one.
The energy consumption is decreased when the CO2 partial pressure in the flue gas becomes bigger, and the decrease range is reversely related to the gradient of CO2 solubility curve at the absorption temperature. The gradient in MEA is the highest, and the increase of CO2 partial has almost no effects on the energy consumption. The gradient of CO2 solubility line in AMP and 1-MPZ is less than that in MEA, and when CO2 partial pressure is increased from 5kPa to 10kPa, the energy consumption is decreased by 0.3GJ/tCO2 and 0.2GJ/tCO2. Further when CO2 partial pressure is increased from 10kPa to 15kPa, the energy consumption is almost not changed.
The effect of reboiler pressure on the energy consumption is small, while the effect on the reboiler temperature is large. This situation for various amines is similar. When the reboiler pressure is increased by 0.5bar, the energy consumption is decreased by 0.1GJ/tCO2, while the reboiler temperature is increased by 10 degrees.
When CO2 partial pressure in the flue gas is in the range from 5kPa to 15kPa, the energy consumption in the new solvent 1-MPZ+PZ is kept as the smallest one in all solvents, and is smaller than those in MEA by 10-14%. Then the capture process with the new solvent will be incorporated with different power generation processes to find out final real energy consumption and related capture cost.
